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General information
Substrates used in this study
Substrates (1-22a, Figure S1 ) and reference compounds (1-22b -aldehyde, 1-22c -nitrile, 1d -syn-Benzaldehyde oxime, 1-15e, 17-18e and 22e -carboxylic acids) were purchased from Sigma-Aldrich (1b, 1e, 2a, 2b, 3b, 3e, 4c, 4e, 5b, 5e, 8a-e, 9b, 9c, 9e, 10a-e, 11a, 12b, 12c, 12e, 13b, 13e, 14a, 14e, 15e, 16a-c, 17c, 17e, 18a, 18b, 18e, 19a, 19b, 19e, 20b, 21a-c, 22a), Alfa Aesar (2c, 3a, 3c, 4a, 4b, 5a, 9a, 12a, 15c, 17a, 18c, 19c, 22c), Fluka (1a, 11b, 14b, 15a, 15b, 20a, 21a), Baker (1c), Acros (1d) and TCI (5c, 6a-c, 7a-c, 11c, 13a, 13c, 17b, 19c, 22b, 22e).
Catalase, bovine albumin, trimethylsilyl diazomethane and CuSO 4 5H 2 O were purchased from Sigma Aldrich. 
Expression and purification of GOx
Cloning and expression
The gene encoding for GOx [1] connected to a C-terminal triple Strep-tag was cloned into pET42a. For recombinant expression of GOx, LB medium (800 ml) with Kanamycin (50 mg l -1 ) was inoculated with an overnight culture of E. coli BL21 DE3 cells (15 ml) harboring the expression plasmid and grown at 37 °C until OD 600 reached a value of 0.6 -0.9. At that point, the media was supplemented with CuSO 4 •5H 2 O (cofactor for GOx, 250 mg l -1 final concentration) and, subsequently, expression was induced by the addition of IPTG (0.5 mM final concentration). Expression was carried out overnight at 25 °C and after harvesting of the cells (4 °C, 3400 g, 15 min), the cell pellet was washed with NaCl solution (0.9%), centrifuged at the same conditions and frozen at -20°C. Obtained cells were used for the purification of the protein with affinity chromatography or for the preparation of cell free extract (CFE).
Purification of recombinant GOx
A modification of a previous purification protocol was used. [1a] Frozen cell pellets containing GOx were thawed, re-suspended in binding buffer (100 mM Tris-HCl, 150 mM NaCl, pH 8) and the cells dispersion was sonicated for 15 minutes (10 s on, 15 s off, 45% amp) until reduction of viscosity was observed and cell debris removed by centrifugation (ca. 35000 g, 4°C). The supernatant was filtered through a 0.45 μm filter (Whatman) and the enzyme was purified using a StrepTrapHP column (GE Healthcare) according to the purification manual. Purified protein fractions were pooled and dialyzed overnight at 4°C against the binding buffer with six-fold molar excess of Cu +2 ions compared to the enzyme, to ensure the loading of the active site of the enzyme with Cu 2+ . The next day, the dialysis was repeated against the binding buffer to remove excess of copper. After 24 hours, the enzyme was concentrated using Vivaspin (Milipore) columns, the concentration was determined using the Biorad protein assay kit (BioRad) and the enzyme was dropwise flash frozen in liquid nitrogen. Purity of the enzyme was assessed by SDS-PAGE ( Figure S2B ). GOx was purified with yield of 8.6 mg g -1 of wet cells. The yield was used to calculate the actual concentration of GOx in the CFE (CFE was used in the experiments described at sections 4.8, 4.9 and 5). 
Optimization of reaction conditions
Influence of supplementation of Cu 2+ on the activity of GOx
Reaction conditions: 500 µL final volume in 1.5 mL Eppendorf tubes; Tris-HCl buffer (100 mM, pH 8), GOx (2.5 μM final concentration), varied amount of CuSO 4• 5H 2 O (0 -80:1 molar ratio calculated to GOx concentration), 1a (10 mM). The biotransformations were incubated at 170 rpm and 30°C in an orbital shaker for 40 min, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc (300 and 350 μl). The combined organic phases were dried over MgSO 4 and analytical yields were determined by GC-FID (see paragraph Analytics) using calibration curves. Reactions were performed in two sets of duplicates for each Cu 2+ /GOx ratio and the results are summarized in Table S1 . Reaction conditions: 500 µL final volume in 1.5 mL Eppendorf tubes; ammonium formate buffer (600 mM) at different pH values ranging from 8-10 (The pH value was adjusted by the addition of either KOH or formic acid), GOx (20 μM final concentration, buffer exchange was performed with Vivaspin centrifugation columns washing the protein with 5 volumes of reaction buffer), Cu 2+ (50:1 molar ratio calculated to GOx concentration), catalase (16.6 µM) and 1a (10 mM). The biotransformations were incubated at 170 rpm and 30°C in an orbital shaker for 24 h, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc (300 and 350 μl) containing 10 mM. The combined organic phases were dried over MgSO 4 and analytical yields were determined by GC-FID (see paragraph Analytics) using toluene as internal standard. Reactions were performed in triplicate and the results are summarized in Table S2 . Table S2 . Influence of the pH value on the formation of 1c in ammonium formate buffer (600 mM, pH 8-10) with GOx (20 μM), Cu 2+ (1 mM), 1a (10 mM), catalase (16.6 µM), T = 30°C, t = 24 h.
pH
Analytical Yield (%) 8 12 ± 2 8.5 50 ± 4 9 66 ± 1 9.5 58 ± 6 10 20 ± 6
Determination of the optimum amount of catalase
Reaction conditions: 500 µL final volume in 1.5 mL Eppendorf tubes; ammonium formate buffer (600 mM, pH 9), GOx (20 μM final concentration), Cu 2+ (50:1 molar ratio calculated to GOx concentration), varied concentrations of catalase (0.085 µM -17 µM) and 1a (10 mM). The biotransformations were incubated at 170 rpm and 30°C in an orbital shaker for 24 h, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc (300 and 350 μl) containing 10 mM toluene. The combined organic phases were dried over MgSO 4 and analytical yields were determined by GC-FID (see paragraph Analytics) using toluene as internal standard. Reactions were performed in triplicate and the results are summarized in Table  S3 . 
Determination of the optimum concentration of ammonium species
Reaction conditions: 500 µL final volume in 1.5 mL Eppendorf tubes; ammonium formate buffer (pH 9) at varied concentration (100 mM-1 M), GOx (20 μM final concentration), Cu 2+ (50:1 molar ratio calculated to GOx concentration), catalase (0.83 µM ) and 1a (10 mM). The biotransformations were incubated at 170 rpm and 30°C in an orbital shaker for 24 h, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc (300 and 350 μl) containing 10 mM toluene. The combined organic phases were dried over MgSO 4 and analytical yields were determined by GC-FID (see paragraph Analytics) using toluene as internal standard. Reactions were performed in triplicate and the results are summarized in Table  S4 . Table S4 . Influence of the concentration of ammonium/ammonia species on the formation of 1c in ammonium formate buffer (pH 9, varied concentration 100 mM -1 M) with GOx (20 μM), Cu 2+ (1 mM), 1a (10 mM), catalase (0.83 µM), T = 30°C, t = 24 h.
Ammonium species (mM) Analytical Yield (%) 100 13 ± 0.4 200 31 ± 1 400 56 ± 1 600 56 ± 1 800 49 ± 1 1000 47 ± 1
Influence of temperature on the formation of nitriles
Reaction conditions: 500 µL final volume in 1.5 mL Eppendorf tubes; ammonium formate buffer (600 mM, pH 9), GOx (20 μM final concentration), Cu 2+ (50:1 molar ratio calculated to GOx concentration), catalase (0.83 µM) and 1a (10 mM). The biotransformations were incubated at 170 rpm and at different temperatures (10 °C -50 °C) in an orbital shaker for 24 h, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc (300 and 350 μl) containing toluene. The combined organic phases were dried over MgSO 4 and analytical yields were determined by GC-FID (see paragraph Analytics) using toluene as internal standard. Reactions were performed in triplicate and the results are summarized in Table S5 . Reaction conditions: 500 µL final volume in 2 ml Rotilabo sample vials, closed with Screw caps containing a PTFE septa (Carl Roth GmbH). A needle (22G1, Becton Dickson) served as valve to allow dioxygen to access into the vial during the reaction. The reaction consisted of ammonium formate buffer (600 mM, pH 9), GOx (20 μM final concentration), Cu 2+ (50:1 molar ratio calculated to GOx concentration), catalase (0.83 µM) and 1a (10 mM). The vials were transferred into a chamber and pressurized as described above. The biotransformations were incubated at 170 rpm and 30 °C in an orbital shaker for 24. Then the reactions were transferred into 1.5 ml Eppendorf tubes, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc (300 and 350 μl) containing 10 mM toluene. The combined organic phases were dried over MgSO 4 and analytical yields were determined by GC-FID (see paragraph Analytics) using toluene as internal standard. Reactions were performed in triplicate and the results are summarized in Table S6 . GOx crude cell free extraxt (CFE) was prepared by suspending the E. coli cells (700 mg) containing the overexpressed GOx in the ammonium formate buffer (pH 9, varied concentration as reported in Table S9 ). Then, cells were sonicated (10 min, 10 s on, 10 s off, 45% amp) and centrifuged (ca. 35000 g, 15 min, 4°C). The CFE (supernatant) was collected and used for performing the biocatalytic reactions.
Reaction conditions: For a reaction in analytical scale (in 1.5 ml Eppendorf tubes), 0.02 -0.32 ml of CFE were used (ca. equivalent to a final GOx concentration of 0.32 -5.12 μM calculated based on purification yield of 8.6 mg enzyme g -1 wet cells and MW Strep 3 -tagged GOx of 73.6 kDa). Reaction mixture also contained CuSO 4 •5H 2 O (1 mM), catalase (0.83 µM) and substrate 1a (10 mM, added as DMSO stock solution with a final DMSO content of 2% v v -1 ) in a final reaction volume of 0.5 mL (HCOONH 4 , pH 9, varied concentration). Samples were incubated at 170 rpm, 20 °C for 24 h, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc containing 10 mM toluene as internal standard (300 and 350 μl). The combined organic phases were dried over MgSO 4 and analytical yields were determined via GC-FID (see paragraph Analytics). Experiments were performed in duplicates and the results are summarized in Table S7 and S8. GOx crude cell free extraxt (CFE) was prepared as reported in the previous section. Reactions were run as reported in the previous section at 1 mL scale using 320 µl of CFE (ca. equivalent to a final GOx concentration of 2.56 μM GOx) in ammonium formate buffer (pH 9, 400 mM). Samples were incubated at 170 rpm, 20 °C for 24 h. For the analysis of conversion to nitriles for reactions with substrates 1-16a and 20-22a, a 0.5 ml aliquot of the reaction mixture was taken from the reaction tube and stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc containing 10 mM toluene as internal standard (300 and 350 μl). In the case of the reaction with substrates 17a-19a, addition of KOH before extraction was omitted to prevent partial hydrolysis of products 17-19c to amides. The combined organic phases were dried over MgSO 4 and analytical yields of nitriles 1-22c were determined via GC-FID (see paragraph Analytics). For the quantification of presence of carboxylic acids, a 0.4 ml aliquot of the reaction mixture was taken from the reaction tube and it was acidified with HCl (3N, 100 μl) and extracted once with 520 μl of EtOAc containing 10 mM toluene. Extract was dried over MgSO 4 and aliquot of extract was derivatized with TMSDM and analytical yields were determined with GC-FID (see paragraph Analytics). Experiments were performed in duplicates and the results are summarized in Table S9 . 
Validation experiments for the catalytic enzymatic promiscuous activity
Formation of 1c from aldehyde intermediate 1b. Reaction conditions: 500 µL final volume in 1.5 mL Eppendorf tubes; ammonium formate buffer (600 mM, pH 9), purified GOx (0 or 20 μM final concentration) or commercially available purified bovine albumin (0 or 20 μM final concentration), CuSO 4 •5H 2 O (0 or 1 mM final concentration), H 2 O 2 (0 or 10 mM) and 1b (10 mM). The samples were incubated at 170 rpm and 30 °C in an orbital shaker for 24 h, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc (300 and 350 μl) containing 10 mM toluene as internal standard. The combined organic phases were dried over MgSO 4 and analytical yields were determined by GC-FID (see paragraph Analytics). Reactions were performed in duplicates and the results are summarized in Table S10 . 
Testing aldoxime as possible intermediate for the conversion of alcohol into nitrile
Reaction conditions: 500 µL final volume in 1.5 mL Eppendorf tubes; Tris-HCl buffer (45 mM, pH 7 or 9), purified GOx (0 or 20 μM final concentration), CuSO 4 •5H 2 O (0 or 1 mM final concentration), catalase (0 or 0.83 μM) and benzaldehyde oxime (1d, 10 mM). The samples were incubated at 170 rpm and 30°C in an orbital shaker for 24 h, stopped by the addition of KOH (10 M, 70 μl) and extracted twice with EtOAc (300 and 350 μl). The combined organic phases were dried over MgSO 4 and the presence of aldoxime was verified by GC (see paragraph Analytics). Reactions were performed in duplicates and the results are summarized in Table S11 . 
Preparative scale synthesis of 4c
5.1 g of E. coli cells harbouring GOx were resuspended in 51 ml of 400 mM ammonium formate buffer pH 9 and lysed by sonication (10 min, 10 s on, 10 s off, 45% amp). After centrifugation (approx. 35000 g, 40 min, 4 °C), the supernatant was used (CFE) for the biocatalytic reaction.
The reaction was performed in ammonium formate buffer (400 mM, pH 9) and consisted of: total volume 120 mL in 500 mL Erlenmeyer flask, CFE (48 ml, or 40% of reaction volume), CuSO 4 5H 2 O (1 mM), catalase (0.83 µM) and substrate 4c (151 mg, 1.2 mmol). The biocatalytic reaction was incubated at 30°C, 170 rpm for 22 h. After 22 h, an analytical yield to 4c of >99% was measured. After 23 h, the organic components were extracted with diethylether (3x, total volume 360 ml). The solvent was removed under reduced pressure resulting in 108.8 mg 1c (75% yield).
Analytics
Determination of analytical yield by GC-FID
GC-FID was performed on an Agilent 7890B chromatograph using H 2 as carrier gas -co-solvent (DMSO) -3.4 min (method C); 3.6 min (method D); 7.3 min (method A); 9.6 min (method B). 
GC-FID
Derivatization: 400 μl aliquot of acidic extract was pipetted into 2.0 ml Eppendorf tube and 200 μl of EtOAc and 200 μl of MeOH were added. The derivatization was started by the addition of 30 μl TMSDM and the reactions were shaken at 30°C, 170 rpm for 1.5 h. The excess of derivatizing agent was then destroyed by the addition of 4 μl of anhydrous acetic acid and samples were subjected to GC-FID analysis according to method listed below.
GC-FID was performed on an Agilent 7890B chromatograph using H 2 as carrier gas using the same set of methods as described in section 6.2.
Columns: Agilent J&W DB1701 (30 m, 250 μm, 0.25 μm); Agilent J&W HP-5 (30 m, 320 μm, 0.25 μm) 
GC-MS analysis for nitrile formation
GC-MS measurements were done on a QP2010SE GCMS system (Shimadzu) using an Agilent J&W DB1701 (30 m, 250 μm, 0.25 μm) column with He as carrier gas. Figure S2 . Biocatalytic reactions for 1a to 1c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
GC chromatograms
Substrate scope
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Reaction with CFE Reference 1a
Reference 1b Reference 1c Figure S3 . Biocatalytic reactions for 2a to 2c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv IS DMSO Reference 2a
Reference 2b Reference 2c Reaction with CFE Figure S4 . Biocatalytic reactions for 3a to 3c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
Reference 3b Reference 3c Reaction with CFE Figure S5 . Biocatalytic reactions for 4a to 4c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
IS Reference 4a
Reference 4b
Reference 4c
Reaction with CFE Figure S6 . Biocatalytic reactions for 5a to 5c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
IS Reference 5a
Reference 5b
Reference 5c
Reaction with CFE Figure S7 . Biocatalytic reactions for 6a to 6c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
Reference 6a
Reference 6b
Reference 6c
Reaction with CFE Figure S8 . Biocatalytic reactions for 7a to 7c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
IS Reference 7a
Reference 7b
Reference 7c
Reaction with CFE Figure S9 . Biocatalytic reactions for 8a to 8c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
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Reaction with CFE Figure S10 . Biocatalytic reactions for 9a to 9c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract. Reference 9b
Reference 9c
Reaction with CFE Figure S11 . Biocatalytic reactions for 10a to 10c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
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Reaction with CFE Figure S12 . Biocatalytic reactions for 11a to 11c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
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Reaction with CFE Figure S13 . Biocatalytic reactions for 12a to 12c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
Reference 12b
Reference 12c
Reaction with CFE Figure S14 . Biocatalytic reactions for 13a to 13c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
Reference 13b
Reference 13c
Reaction with CFE Figure S15 . Biocatalytic reactions for 14a to 14c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
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Reaction with CFE Figure S16 . Biocatalytic reactions for 15a to 15c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
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O O N Figure S17 . Biocatalytic reactions for 16a to 16c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
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Reaction with CFE Figure S18 . Biocatalytic reactions for 17a to 17c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
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Reaction with CFE Figure S19 . Biocatalytic reactions for 18a to 18c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
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Reaction with CFE Figure S20 . Biocatalytic reactions for 18a to 18c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
solv DMSO
IS
Reference 19a
Reference 19b Reference 19c Reaction with CFE Figure S21 . Biocatalytic reactions for 20a to 20c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract. Reaction with CFE Figure S22 . Biocatalytic reactions for 21a to 21c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
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Reaction with CFE Figure S23 . Biocatalytic reactions for 22a to 22c using purified enzyme or cell free extract. Solv: solvent peak; IS: internal standard; DMSO: dimethylsulfoxide; CFE: cell free extract.
Reference 22c
Reaction with CFE Reference 22b
Reference 22a
Testing aldoxime as possible intermediate for the conversion of alcohol into nitrile
This section reports the representative chromatograms for the experiment described in section 4.11. Figure S24 . Overlay of chromatograms belonging to experiments performed at pH 7. No change in amount of detected syn-or transbenzaldehyde oxime was detected. Figure S25 . Overlay of chromatograms belonging to experiments performed at pH 7. No change in amount of detected syn-or transbenzaldehyde oxime was detected. Figure S26 . Preparative scale synthesis of 4c using cell free extract containing GOx. Solv: solvent peak; IS: internal standard. 
Preparative scale synthesis of 4c
